Background: Radiation-induced gliomas of the spinal cord are rare late complications of spinal cord irradiation that typically occur in patients treated at younger ages. Aim: Raise awareness of radiation induced high grade gliomas with a case presentation and a review of the literature. Case Presentation: A 50-year-old male with Stage IVA squamous cell carcinoma of the oropharynx was treated with external beam radiotherapy with a complete response. Seven years later, he presented with a cervical spinal cord mass on MRI. An open biopsy was performed. Pathology revealed an intramedullary WHO grade IV astrocytoma, (i.e., glioblastoma multiforme) of the cervical spine that fulfilled the criteria for a radiation-induced malignancy. Conclusions: Review of the literature suggests that radiation-induced gliomas tend to be high grade and may occur at the periphery of an irradiated field. Radiation-induced gliomas of the spinal cord are a serious complication of radiotherapy that may occur in older patients with head and neck cancers, but are so rare that it should not affect treatment decisions.
Introduction
Gliomas are malignancies of the central nervous system (CNS) that arise from glial cells. Astrocytomas are a type of glioma that predominately arises from astrocytes, and they are graded on a scale from I -IV by the World Health Organization (WHO) classification scheme. Grades III and IV are considered high grade, and grade IV astrocytomas are also known as glioblastoma (GBM). The incidence of central nervous system gliomas in the United States is 5.9 per 100,000 per year, and the incidence of GBMs is 3.1 per 100,000 per year, with a median age of diagnosis of 64 and a 5-year survival rate of 17.5% [1] . Astrocytomas of the spinal cord are one-tenth as common as astrocytomas of the brain, with an incidence of 0.8 -2.5 per 100,000 per year, and a peak age of diagnosis of 35 -40 [2] . They are typically low grade and have a good prognosis. However, 10% -25% of spinal cord astrocytomas are high grade, and have a poor prognosis.
Although data are limited, grade IV astrocytomas (GBMs) of the spinal cord have a reported survival of 32% at 18 months [3] .
After meningiomas, gliomas are the second most common radiation-induced malignancy of the CNS [4] . Radiation-induced (RI) tumors were first described by Frieben in 1908 [5] . In 1948, Cahan and colleagues established their criteria for identifying sarcomas that were associated with radiation therapy [4] . These criteria were later adapted by Liwnicz and colleagues to RI CNS malignancies, and are as follow: 1) the malignancy arises in previously irradiated fields; 2) the diagnosis of the malignancy is verified histologically; 3) the malignancy has a different histology than the primary malignancy; 4) the malignancy presents after a latency period that is longer than the time in which the malignancy can exist without showing overt symptoms; and 5) the patients should not have any underlying conditions that predispose them to develop malignancies [6] . RI gliomas of the spinal cord are extremely rare; only ten previously reported cases were found on our literature search [7] - [16] . Here we report the eleventh case, which is unique in that the patient is significantly older than the previously reported patients.
Case Presentation
A 50-year-old male presented with a firm, non-tender mass in his left neck. He had a 10-year history of chewing tobacco, no history of smoking, and had 2 -3 alcoholic drinks per day. He had no other medical conditions. He had a family history of a father who died of an unknown malignancy in his eighties, an aunt who died of lung cancer, and an uncle with bladder cancer. On examination, he had a 1. The patient was treated with external beam radiotherapy using a shrinking field technique and accelerated hypofractionation. The initial large opposed lateral fields received 37.4 Gy, followed by an off-cord boost using opposed lateral beams to 50.6 Gy. 
Discussion
It is possible that our patient's spinal cord GBM was a second spontaneous malignancy that was unrelated to his prior radiotherapy, since spontaneous spinal cord gliomas tend to occur in adults, and RI gliomas occur more commonly in younger patients [17] [18]. However, the patient's GBM fits Cahan and Liwnicz's criteria for a RI malignancy of the CNS: 1) the patient's cervical spinal cord was included in the originally irradiated fields; 2) the histology of his tumor was verified by excisional biopsy; 3) the histology was different from the initial squamous cell carcinoma; 4) GBMs of the spinal cord produce symptoms over a period of weeks to months, and this malignancy presented itself after a latency period of 7 years; and 5) the patient has no evidence of any disorder that predisposes him to the development of malignancies. In addition to satisfying these criteria, the incidence of spontaneous spinal cord astrocytomas is 0.8 to 2.5 per 100,000
per year [2] , and 75% -90% of these astrocytomas are low-grade [17] , which gives a 1/10,000 to a 1/100,000 probability that our patient would develop a spontaneous high- [24] . At higher doses, this dose-incidence relationship is uncertain, and the incidence may plateau or decrease as the dose increases beyond 3 Gy [25] . RI malignancies may become an increasing concern in the future as intensity-modulated radiotherapy increases the volume of normal tissue exposed to potentially carcinogenic radiation during treatment [25] . This applies in particular to RI gliomas, which tend to occur in areas receiving a lower dose of radiation, compared to RI sarcomas, which generally occur in the regions of highest dose [26] . Intracranial RI GBMs have been reported in patients treated to a dose as low as 3 Gy for tinea capitis [6] [18].
To our knowledge, the present case is the oldest known patient to develop a RI GBM of the spinal cord. This illustrates that older patients, who are at higher risk for developing cancers of the head and neck, are still at risk for developing RI malignancies, despite the fact that 60% of intracranial RI malignancies occur in patients treated as children or young adults [6] . This higher incidence in younger patients may be due to an intrinsic sensitivity to developing RI malignancies [27] [28]. However, RI gliomas of the brain are not uncommon after radiotherapy for pituitary adenomas, which generally occur in an older patient population. Nine out of 14 patients in one review, and 4 out of 4 patients in another who developed intracranial RI gliomas after radiotherapy were over the age of 35 [18] [19] . Two out of the 3 patients were reported to develop intracranial RI GBMs after stereotactic radiosurgery for pituitary adenomas were over 35 years old [27] , and one patient was 63 years old at the time of radiosurgery [30] .
RI gliomas of the CNS tend to be higher in grade than those that occur spontaneously. In a review of the literature, Liwnicz and colleagues found that of 24 RI CNS gliomas, 19 were either anaplastic astrocytomas or glioblastomas [6] . This appears to be the case for RI gliomas of the spinal cord as well, with 9 high-grade gliomas out of the 11 total cases (Table 1) . Spontaneous spinal cord astrocytomas are most often low grade, and typically have a good prognosis, with an overall 5-year survival rate of between 70% -90% [17] . The survival rate of RI gliomas appears to be worse, which may correspond with their higher grade [15] . Of the 5 patient's in Table 1 with RI GBMs of the spinal cord, none survived longer than 8 months, compared to the median survival of 10 -12 months in patients with spontaneous spinal cord GBMs [31] . Although the differences in grade and prognosis between RI gliomas and spontaneous gliomas of the CNS suggest a difference in biological behavior, studies have been unable to show differences in the histological characteristics or the specific mutation patterns [32] .
Conclusion
Radiation-induced gliomas of the spinal cord are a serious and quite likely fatal complication of the radiotherapy used in the management of head and neck cancers. However, the incidence is exceedingly low such that fear of this complication should not affect treatment decisions. Although the clinical experience is limited, RI gliomas tend to be higher in grade and carry a worse prognosis than spontaneous gliomas of the spinal cord. Our case illustrates that RI spinal cord gliomas may occur in patients who are treated at an older age. In addition, it appears that RI gliomas occur at the periphery of the treatment fields or in the regions exposed to lower doses of radiation. Our observation may have increasing importance in the future as current treatment modalities target tumor more precisely while increasing the overall volume of normal tissue exposed to low and moderate doses of potentially carcinogenic radiation. RI malignancies may also become an increasing concern as long-term patient survival increases with improved cancer treatments.
